A series of N-acyl glutamic acid were prepared by reaction of glutamic acid with chlorides (1-3) or anhydrides (4-8) in good yield, within the solution of pH 8-10, keeping the reaction at 10~15 o C for 2-3 hours. The tribological behaviors of the resulting N-acyl glutamic acid salts with triethanolamine as additives in water were examined on a four-ball machine. The rust-inhibiting properties were evaluated. The elemental composition of the boundary lubricating film was analyzed by means of auger electron spectroscopy (AES). It was found that the N-acyl glutamic acid with long acyl chain functioned to considerably increase anti-wear and friction-reducing abilities of water. The rust-inhibiting properties got better with increase of the length of acyl-chain of N-acyl glutamic acid triethanolamine slats. And the additives had relative good antimicrobial properties in water.
INTRODUCTION
Water-based lubricating additives were paid more attention because their good lubrication and anti-rust properties, good heat conduction and excellent effect of cooling [1, 2] . Although there were many reports [3] , the product properties could not be satisfied with the practice request. It is the key of modern water-based cutting fluid that study and develop the nontoxic additives with good lubricating and rust-inhibiting properties. Because N-acylamino acids are liable to bio-degradation and have safety, they have been using widely in the fields of domestic cleaning, food additive, ore flotation agent, petroleum recover, etc. [4, 5] . However, the relationship between the properties of water-soluble cutting fluids and the chemical structures of various N-acyl glutamic acid has not been reported in detail and the soluble additives which possess anti-rust, anti-wear and friction-reducing abilities has little report.
METHODS
Reaction of amino acid with chloride or anhydride: N-octanoyl glutamic acid (1a) was prepared from the reaction of glutamic acid (a) (1mol) in the solution of pH 8-10, dropping by octanoyl chloride (1) (1.2mol), keeping the reaction at 10~15 o C for 2-3 hours, and then acidified in sulfuric acid. Other N-acyl glutamic acids were prepared in similar manner (See table 1) . Their structures were characterized by means of IR. IR spectra were measured on PE-580B spectrometer.
Aqueous solutions (1%) of triethanolamine salts of N-acyl glutamic acid listed in table 1 were used for all tests. The tribological performances of the lubricant additive were evaluated on an MS-800 four-ball friction and wear tester. Since the tribological work situation of cutting fluid (short time, spot contact) is different from the common lubricating oil situation, The working condition of the measurement of wear scar diameter (WSD) is as follows [3] : 519 N, 1450 rpm, and 10 sec. The steel balls are made of SAE 521000 with a radius of 12.7cm and HRC of 59~61. The PHI-550 multifunctional X-ray Photoelectron energy-spectrum equipment was used to analyze the surface of wear scar. The surface tension was measured by the largest bubble pressure method. The rust-inhibiting property was tested by first-grade gray cast iron in a damp and hot box at 35±1℃.
RESULTS AND DISCUSSION
The rust-inhibiting properties and Tribological characteristics Aqueous solutions (1%) of triethanolamine salt of N-acyl glutamic acid listed in Table 1 were used for the rust-inhibiting test and tribological characteristics. The results were in table1.
Many 1% N-acyl glutamic acid salts with triethanolamine aqueous solution had the rust-inhibiting properties (See table1). The rust-inhibiting properties became better with increase of length of acyl-chain of N-acylamino acid triethanolamine salt (C 2 -C 8 ) in the 1% aqueous solution. Such as the anti-rust time of N-octanoyl glutamic acid triethanolamine salt was more than 72 hrs. Because the polar groups such as -COO-and -CONH-can be absorbed to the metallic surface. Meanwhile, the hydrophobic alky chain of acyl group can form a protecting film, which can isolate water and air. Therefore, the protecting film became thicker with increase of the length of acyl-chain, and the rust-inhibiting property got better. However, if the length of acyl-chain of N-acyl glutamic acid was too long, its solubility was decrease in water, the rust-inhibiting property got worse.
The WSD of base water was 2.03mm and the friction coefficient (μ) was more than 1.03. The values of WSD and μ of amino acid triethanolamine salts were much less than that of base water. Compared with base water, the anti-wear and friction-reducing abilities of the products would be improved greatly. For example, the values of WSD and the friction coefficient (μ) of N-octanoyl glutamic acid triethanolamine salt were 0.24mm, 0.167 respectively. Therefore, N-acyl glutamic acid salt with triethanolamine was a kind of water-soluble lubricating additive. Wear-scar surface analyze The result of the analysis of the AES of N-octanoyl glutamic acid (1a) triethanolamine salt was shown in Fig (1) . There are four elements (C, Fe, O and N) on the surface of the metal. It was indicated that there was an absorbing film containing C, O and N elements on the outmost surface of the steel ball. The polar group of the N-acyl amino acid triethanolamine salts was easy to be absorbed to the surface of metal and long hydrophobic acyl-chain could form a protecting film on the surface of metal, which had the effect of rust inhibiting. A boundary lubricating film well bonded on the rubbed steel surface could be formatted by way of adsorption and tribochemical reaction under heavy load, which dedicated to anti-wear and friction-reducing characteristics Antimicrobial activity test The anti-microbial activity tests for the products were applied as reference [6] . The method of the dip-slide (made in Schulke & Mayr company) fast test was used here. After 7, 21 days, the bacteria contents were measured. After 7 days at 35ºC, the bacteria contents of 1%aqoues solution N-acyl glutamic acid triethanolamine salt was more than that of water. Their bacteria content were not increase after 21 days. However, after 21 days, the bacteria content of water was 1000 times as much as at 7 days. It could be concluded that N-acyl glutamic acid triethanolamine salts had relative good antimicrobial activities.
CONCLUSIONS
(1). A series of N-acyl glutamic acid were prepared by reaction of amino acids with chlorides or anhydrides in good yield, (2) The relationship of chemical structures of N-acyl glutamic acid triethanolamine salts on their rust-inhibiting properties was studied in systematically. The rust-inhibiting property of N-octanoyl glutamic acid (1a) was the best. N-acyl glutamicacid salts with triethanolamine had also well the anti-wear and friction-reducing abilities (3) The AES of wear scar shown that N-acyl glutamicacid triethanolamine salts could form adsorption and tribochemical film on the metal surface, which contributed to rust-inhibiting properties and the characteristics of anti-wear and friction reducing. 
